A novel bacterium, designated strain DL503 T , was isolated from a Daqu sample and its taxonomic position determined using a polyphasic taxonomy. Strain DL503 T was a Gram-stain-negative, facultatively anaerobic, non-sporulating, motile and coccoid-rod-shaped bacterium. Optimum growth occurred at 20-45 C, pH 5.0-10.0 and 1.5 % (w/v) NaCl. Comparative analysis of the 16S rRNA gene sequence showed that the isolate belongs to the genus Franconibacter, showing highest levels of similarity with respect to Franconibacter pulveris JCM 16471 T (98.94 %) and Franconibacter helveticus DSM 18396 T (98.39 %). Cells contained the quinones Q-8 and MK-8, and the polar lipid profile consisted of a mixture of phosphatidylethanolamine, phosphatidylglycerol, diphosphatidylglycerol, three unidentified polar lipids and three unidentified amino lipids. The DNA G+C content was 53.3 mol% and the major fatty acids were C 16 : 0 , C 17 : 0 cyclo, summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c), summed feature 4 (C 17 : 1 iso I and/or C 17 : 1 anteiso B) and summed feature 8 (C 18 : 1 !7c and/or C 18 : 1 !6c). The DNA-DNA relatedness values between strain DL503 T and its close relatives, including F. pulveris JCM 16471 T and F. helveticus DSM 18396 T , were 51.5±0.5 % and 45.2±1.1 %, respectively. Based on phylogenetic analysis, phenotypic and genotypic data, it is concluded that the isolate represents a novel species of the genus Franconibacter, for which the name Franconibacter daqui sp. nov. is proposed. The type strain is DL503 T (=LMG 29914 T =CGMCC 1.15944 T ).
The genus Franconibacter belonging to the class Enterobacteriaceae comprises two species, Franconibacter pulveris and Franconibacter helveticus, according to the List of Prokaryotic names with Standing in Nomenclature (LPSN, www.bacterio.net) website at the time of writing. In the last decade, strains of the genera Franconibacter have been misclassified, first as Enterobacter and later as Cronobacter. The genus Franconibacter was proposed in 2014 for the demarcation of the genus Cronobacter [1] . According to phylogenetic evidence and genome-scaled analysis of all Cronobacter species, as well as of Enterobacter cloacae, Cronobacter zurichensis, Cronobacter pulveris and Cronobacter helveticus that Brady et al. [2] identified as Cronobacter species, were actually 'pseudo-Cronobacter', belonging neither to the genus Cronobacter nor to the genus Enterobacter. At that point, Stephan grouped these species into two new genera within Enterobacteriaceae: (i) Franconibacter, which incorporated F. pulveris and F. helveticus (previously C. pulveris and C. helveticus, respectively), and (ii) Siccibacter, which included S. turicensis (previously C. zurichensis).
Daqu is a saccharification agent used to initiate fermentation in the production of Chinese liquor and vinegar [3, 4] . The quality of a sesame-flavoured liquor is directly related to the category and quality of Daqu, which supplies various microorganisms and enzymes for liquor fermentation as well as substrate complexes for aroma and flavour substances [5] . Daqu is usually classified into three categories according to the highest incubation temperature: low-temperature Daqu (40-50 C), medium-temperature Daqu (50-60 C) and hightemperature Daqu (60-65 C), and the different microbial compositions exising in each type of Daqu [6] . During the course of investigating the microbial communities in lowtemperature Daqu, an aerobic and alkaliphilic bacterium designated DL503 T , was obtained and was then subjected to taxonomic studies. The genotypic, phenotypic and chemotaxonomic traits provided evidence that strain DL503 T belongs to a novel species in the genus Franconibacter.
Strain DL503 T was isolated from a Daqu sample collected from Maotai, Renhuai City, China (N27 51¢ E106 22¢). After serial dilution with sterile pure water the sample was spread on GBP medium, followed by aerobic incubation at 45 C for 2 days. GBP medium contained (L À1 ): glucose (5 g), peptone (10 g), beef extract (3 g), MgSO 4 Á7H 2 O (2 g), agar (20 g), pH 7.0. Strain DL503 T was isolated from this medium and stored at À80 C on GBP medium without agar and supplemented with 20 % (v/v) glycerol.
Genomic DNA of strain DL503 T was prepared according to the method described by Tamaoka and Komagata [7] and used for 16S rRNA gene PCR. The 16S rRNA gene was amplified with the forward primer 27F and the reverse primer 1492R [8] . The PCR product was ligated into the pEASY-T1 vector and transformed into Escherichia coli DH5a using a pEASY-T1 cloning kit (Transgen Biotechnology). Full sequence of the gene was determined by BGI (Wuhan, China). The resulting gene sequence was compared with sequences from EzTaxon (http://www.ezbiocloud.net/; [9] ) and aligned with corresponding sequences using CLUSTAL X1.83 [10] to build the phylogenetic trees. Phylogenetic trees were reconstructed by the neighbourjoining [11] , maximum-parsimony [12] and maximumlikelihood [13] tree-making algorithms using the software package MEGA version 5.0 [14] . The topologies of the resultant trees were evaluated using the bootstrap resampling method of Felsenstein [15] with 1000 replicates.
The G+C content of chromosomal DNA prepared according to the method of Marmur [16] was determined by HPLC (Waters 2695-2998, USA) as described by Mesbah et al. [17] , and the standard strain Escherichia coli DH5a was selected as reference. DNA-DNA hybridizations were carried out by the fluorometric micro-well method [18] , and the hybridization temperature was 38 C. The two genomic DNAs for hybridization were both labelled while the other was immobilized. Eight replications for hybridization were performed for each sample and the highest and lowest values in each sample were excluded. The mean (±SD) DNA-DNA relatedness value was taken from the remaining values.
The almost-complete 16S rRNA gene sequence of strain DL503 T was determined (1465 bp) and compared with available sequences of cultured species from the EzTaxon database. Strain DL503 T showed the highest 16S rRNA gene sequence similarity to Franconibacter pulveris JCM 16471 T (98.94 %, GenBank accession number DQ273684) [19] and Franconibacter helveticus DSM 18396 T (98.39 %, GenBank accession number DQ273688) [20] . The neighbour-joining tree ( Fig. 1 ) showed that strain DL503 T formed a branch with members of the genus Franconibacter, and the stability of the tree was further confirmed by maximum-parsimony and maximum-likelihood trees, which indicated the affiliation of strain DL503 T to the genus Franconibacter. The genomic G+C content of the DNA of strain DL503 T is 53.3 mol%, DNA-DNA relatedness values between strain DL503 T and proximal taxa F. pulveris JCM 16471 T and F. helveticus DSM 18396 T are 51.5±0.5 % and 45.2±1.1 %, respectively (Table S1 , available in the online version of this article), which are below the 70 % cut-off point recommended for the delineation of genomic species [21, 22] .
These results indicated that strain DL503 T did not belong to any species of genus Franconibacter.
Gram staining was performed according to Smibert and Krieg [23] . The morphology of the isolate was observed by light microscopy (Olympus CX31RTSF, Japan) with Gram staining and scanning electron microscopy (JEOL JSM-6460LV, Japan). The bacterial flagellum and motility were observed using transmission electron microscopy (JEOL JEM-2100, Japan). Anaerobic cultivation of strain DL503 T was performed on GBP medium for a continuous three generations using the anaerobic workstation (AS ONE AS-600PE, Japan). To test the optimal temperature and pH for growth of strain DL503 T , colonies in GBP medium without agar were incubated at 10, 15, 20, 25, 30, 37, 45, 50, 55 and 60 C for 3 days. The ability of the strain to grow at pH 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0, 11.0 and 12.0 using the buffer system described by Xu et al. [24] and 0, 0.5, 1, 1.5, 2.0, 5.0 and 7.0 % (w/v) NaCl (pH 7.0) was examined at 37 C for 3 days. Growth was monitored by turbidity at OD 600 using a spectroscopic method. Strain DL503 T was tested for a range of phenotypic properties. Catalase activity was detected by the production of bubbles after the addition of a drop of 3 % (v/v) H 2 O 2 ; starch hydrolysis was assessed as described by Smibert and Krieg [23] . Determination of acid production from carbohydrates, as well as utilization of carbon and nitrogen sources, activities of constitutive enzymes and other additional biochemical characteristics, was performed with the API 50CH/B, API 20E and API ZYM galleries according to the manufacturer's recommendations (bio-M erieux, France). Antibiotic susceptibility was evaluated on GBP medium plates using antibiotic discs (HANGWEI, China) containing the following (µg per disc): ampicillin (10), carbenicillin (100), cephalothin (30), erythromycin (15) , chloramphenicol (30) , gentamicin (10), kanamycin (30), lincomycin (2), neomycin (30) , novobiocin (30), penicillin (10), rifampicin (5) and streptomycin (10) . The plates were incubated at 37 C and read after 5 days of incubation. The zone (!2 mm) of inhibition was used to separate susceptibility from resistance [25] .
The three strains showed almost the same growth phases although the biomasses of strains were different from each other (Figs S1-S3). For analysis of fatty acids, strain DL503 T and the closest type strains of F. pulveris JCM 16471 T and F. helveticus DSM 18396 T were cultured on solid trypticase soy broth (Difco, USA) medium for 2 days at 37 C. Cellular fatty acids were extracted, methylated and analysed using the Sherlock Microbial Identification System (MIDI) according to the method of Sasser [26] and the manufacturer's instructions. Fatty acid methyl esters were then analysed by GC (Agilent 7890A, USA) using MIDI (Sherlock Version 6.1; MIDI database TSBA6). Biomass for isoprenoid quinones and polar lipid analyses was obtained from cultures grown on GBP medium for 2 days at 37 C. Isoprenoid quinones were extracted [27] and detected by HPLC (Waters 2695-2998, USA) according to Tamaoka et al. [28] . For polar lipid analysis, approximately 50 mg cells were freeze-dried, extracted and examined by two-dimensional TLC and identified using previously described procedures [29, 30] .
Morphological, physiological and biochemical characteristics of strain DL503 T were consistent with its classification within the genus Franconibacter. In terms of morphological features, the novel strain DL503 T was characterized as coccoid-rod-shaped Gram-negative bacteria. No spores were observed and cells appeared very motile due to the presence of two flagella (Fig. S4 ). After 24 h of aerobic incubation at 37 C on sheep blood agar, colonies were non-haemolytic and yellow-pigmented. Yellow pigmentation increased when colonies were exposed to light. The isolate could grow at pH 4.0-11.0 (Fig. S5) , 0-5 % (w/v) NaCl and 10-50 C; optimum growth occurred at pH 5.0-10.0, 1.5 % (w/v) NaCl and 20-45 C. Strain DL503 T was positive for catalase reactions, but negative for amylase reactions. The results of API ZYM tests were positive reactions for chymotrypsin, afucosidase, b-glucuronidase and a-mannosidase. The API 50CH/B, API 20E and other physiological and biochemical results are shown in the species description, and all the tests were performed using the same conditions. The characteristics that distinguish strain DL503 T from closely related species are presented in Table 1 .
The polar lipids of DL503 T exhibited a complex profile consisting of phosphatidylethanolamine, phosphatidylglycerol, diphosphatidylglycerol, three unidentified polar lipids and three unidentified amino lipids (Fig. S6) . Moreover, the polar lipid profile of strain DL503 T was very similar to that of its closest relatives, F. pulveris JCM 16471 T and F. helveticus DSM 18396 T , with phosphatidylethanolamine, phosphatidylglycerol and diphosphatidylglycerol as the major polar lipids. However, there were differences in the unidentified polar lipid between strain DL503 T and F. helveticus DSM 18396 T . Furthermore, the unidentified amino-phospholipid existing in F. pulveris JCM 16471 T was not found in strain DL503 T or F. helveticus DSM 18396 T . The overall fatty acid profile of strain DL503 T was similar to the two reference type strains (F. pulveris JCM 16471 T and F. helveticus DSM 18396 T ), although there were differences in the proportions of certain components ( Table 2 ). The major fatty acids (>5 %) in strains DL503 T were C 14 
DESCRIPTION OF FRANCONIBACTER DAQUI SP. NOV.
Franconibacter daqui (da¢qu.i. N.L. gen. n. daqui of Daqu, a starter culture used in the production of Chinese liquors, from which the type strain was isolated).
Cells are 2.0-3.3 µm long, 0.9-1.1 µm wide, facultatively anaerobic, Gram-negative coccoid rods and non-sporulating. They are motile by means of flagella. The colonies are smooth and yellow-coloured when grown on GBP medium and sheep blood agar. Optimal growth is observed at 20-45 C (range 10-50 C), pH 5.0-10.0 (range pH 4.0-11.0) and with 1.5 % NaCl (range 0-5 %, w/v) on GBP medium. Catalase, chymotrypsin, a-fucosidase, b-glucuronidase and a-mannosidase activities are present. Amylase, N-acetyl-bglucosaminidase, acid phosphatase, alkaline phosphatase, cystine arylamidase, esterase (C4), esterase lipase (C8), agalactosidase, b-galactosidase, a-glucosidase, b-glucosidase, leucine arylamidase, lipase (C14), naphthol-AS-BI-phosphohydrolase, trypsin and valine arylamidase activities are not detected. The type strain is susceptible to ampicillin, cephalothin, chloramphenicol, erythromycin, gentamicin, kanamycin, neomycin, novobiocin, penicillin, rifampicin, streptomycin. Positive reactions are recorded for nitrate reductase (N2) and fermentation of amygdalin, arabinose, glucose, mannitol, melibiose, rhamnose, sucrose under anaerobic conditions. Acid is produced from N-acetylglucosamine, D-arabitol, L-arabinose, arbutin, cellobiose, aesculin, D-fructose, D-galactose, gentiobiose, gluconate, glucose, glycerol, glycogen, lactose, D-lyxose, maltose, mannitol, Dmannose, melibiose, potassium-2-ketogluconate, potassium-5-ketogluconate, raffinose, rhamnose, ribose, salicin, sucrose, trehalose and D-xylose. The polar lipids consist of predominant amounts of phosphatidylethanolamine, phosphatidylglycerol, diphosphatidylglycerol, three unidentified polar lipids and three unidentified amino lipids. The major fatty acids are C 16 : 0 , C 17 : 0 cyclo, summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c), summed feature 4 (C 17 : 1 iso I and/or C 17 : 1 anteiso B) and summed feature 8 (C 18 : 1 !7c and/or 
